Aneurysms at the distal portion of the superior cerebellar artery (SCA) are very rare. Because of the deep location and a propensity for nonsaccular morphology, aneurysm trapping or endovascular occlusion of the parent artery are the usual treatment options, which are associated with varying risks of ischemic complications. The authors report on a 60-year-old woman who had a 3.5-mm unruptured aneurysm in the lateral pontomesencephalic segment of the SCA with a significant interval growth to 8 mm. Direct surgical intervention comprising trapping of the aneurysm through a subtemporal approach and intradural anterior petrosectomy combined with revascularization of the distal SCA using the superficial temporal artery (STA) was performed. This approach provided sufficient space for the bypass instruments to be introduced into the deep surgical field at a more favorable angle to enhance microscopic visualization of the anastomosis with minimal retraction of the temporal lobe. The patient was discharged with no neurological deficit. Preservation of the blood flow in the distal SCA should be attempted to minimize the risk of ischemic injury, particularly when the aneurysms arise in the anterior or lateral segment of the SCA. The authors demonstrate the safety and effectiveness of the intradural anterior petrosectomy for STA-SCA bypass along with a relevant anatomical study.
https://thejns.org/doi/abs/10.3171/2018.11.FOCUS18432 KEYWORDS aneurysm; anterior petrosectomy; STA-SCA bypass; superficial temporal artery; superior cerebellar artery aging for chronic headache that initially revealed a 3.5-mm unruptured aneurysm in the distal SCA (Fig. 1A) . The third annual follow-up imaging study showed a 5-mm increase in the size of the aneurysm (Fig. 1B) . During the next year, the aneurysm showed a significant interval growth to 8 mm and became fusiform, which originated at the junction of the anterior and lateral pontomesencephalic segments (Fig. 1C) . A cone-beam CT scan delineated perforators from the SCA that were penetrating the brainstem, which revealed a risk of ischemic symptoms caused by the SCA occlusion (Fig. 1D) . The scan also demonstrated that drilling of the petrous apex would be effective to expose the SCA distal to the aneurysm and to perform a bypass to the SCA (Fig. 1E) . The patient preferred to undergo direct surgery comprising the trapping of the aneurysm combined with revascularization of the SCA with the STA.
Surgical Video
The patient was placed supine with her head rotated 70° to the left. After a large, curved skin incision was made, the skin flap was anteriorly reflected. The zygomatic arch was sectioned on both ends to reflect the temporal muscle completely downward. After frontotemporal craniotomy, the temporal bone was drilled to the level of the supramastoid crest. After extradural identification of the petrous apex, the temporal dura mater was sectioned and the temporal lobe was smoothly retracted. We then exposed the petrous apex via an intradural approach by cutting the tentorium and the dura mater of the posterior fossa. The petrous apex was intradurally drilled to expand the operative field. The parietal branch of the STA was anastomosed end-to-side to the SCA at a location distal to the aneurysm. Indocyanine green videoangiography was used to verify the patency of the bypass graft. Last, the aneurysm was trapped using 2 titanium clips (Video 1). 
Postoperative Course
The patient experienced no symptoms after surgery except for temporary trochlear nerve palsy that resolved in 2 weeks. Postoperative MR imaging showed no cerebellar infarction ( Fig. 2A) . A coronal time-of-flight MR angiography study verified obliteration of the aneurysm and pa- tency of the bypass to the distal portion of the SCA (Fig.  2B) . The patient was discharged 3 weeks after surgery with no neurological deficits. A coronal slice on 3D-CT angiography obtained 1 year after the surgery demonstrated the patency of the donor artery (Fig. 2C) .
Anatomical Study
We undertook a cadaveric study using 8 sides from 4 formalin-fixed cadaver heads to evaluate the anatomical feasibility, effectiveness, and safety of the intradural anterior petrosectomy. Figure 3 compares the simple left subtemporal approach (Fig. 3A) , with that of tentorium sectioning (Fig. 3B) , and with that of intradural anterior petrosectomy (Fig. 3C) . In Fig. 3 , panels D-F are lowmagnification images of panels A-C. Sectioning the tentorium increases exposure of the SCA, which is the standard operative field for STA-SCA bypass (Fig. 3B) . The intradural anterior petrosectomy provides significantly more space for anastomosis with the SCA (Fig. 3C) .
The actual area in each working field for anastomosis 
FIG. 3. Cadaveric brain. Comparison among the simple left subtemporal approach (A and D), left subtemporal approach with tentorium sectioning (B and E), and the left subtemporal with an intradural anterior petrosectomy (C and F).
A-C and D-F are highand low-magnification images, respectively, of the same area. Only the anterior pontomesencephalic portion of the SCA (arrow) can be seen with the simple subtemporal approach (A). Sectioning the tentorium provides greater exposure of the SCA, which is the standard operative field for constructing a bypass to the SCA (arrows, B). In contrast, the intradural anterior petrosectomy provides significantly more space for anastomosis at the SCA (arrow, C). The yellow areas in D-F indicate the usable surgical field in each approach. Note that the extent of the temporal lobe retraction is much lower when the petrosectomy is added (F). BS = brainstem; OcN = oculomotor nerve; Ten = tentorium; TL = temporal lobe; TN = trigeminal nerve.
was measured and is indicated as a yellow-shaded area in Fig. 3D-F ; p = 0.001, 1-tailed paired t-test), and the pressure for temporal lobe retraction was apparently lower on visual inspection with petrosectomy than that without petrosectomy ( Fig. 3E and F) .
Discussion
Indication for Revascularization of the Distal SCA Treatment options for distal SCA aneurysms include direct clipping, 3, 7 trapping, 11 wrap/clip reconstruction, 8 and endovascular coiling/embolization. 5, 6, 13 When the shape of the aneurysm is amenable for simple clipping or coiling, patency of the parent artery should be preserved. However, the incidence of fusiform aneurysms has been previously reported to be as high as 37.5% among distal cerebellar artery aneurysms.
9 Several cases of dissecting aneurysms of the distal SCA have also been reported in the literature. 8, 11 Notably, previous reports have mentioned that the risk of ischemic complications appears to be relatively small because of good collateral flow between the SCA and the anterior inferior and posterior inferior cerebellar arteries through the vermis. 3, 5 However, a sufficient collateral flow after SCA occlusion currently cannot be objectively evaluated due to the lack of an appropriate index. 1, 8, 14 Ischemic symptoms such as abducent nerve palsy and brainstem dysfunction have been previously reported. 1, 13 If the aneurysms are formed in the cortical segment of the SCA, revascularization would not be necessary. 13 However, nonsaccular aneurysms are seen more commonly in the proximal portions of the SCA than in the cortical segment, 8 which emphasizes the importance of revascularization as a therapeutic option for the distal SCA aneurysms. In our opinion, the feasibility of aneurysm trapping and restoration of flow to the portion distal to the aneurysm should be explored to prevent unpredictable ischemia of the brainstem and cerebellum.
Surgical Techniques for STA-SCA Bypass
The operating field of the subtemporal approach is deep and narrow, thereby introducing difficulty in the bypass, and requires significant temporal lobe retraction.
14 Additionally, the risk for temporal lobe retraction would further increase while exposing the SCA because the vein of Labbé or the sphenopetrosal vein traverses the surface of the temporal lobe. Based on our anatomical study, intradural drilling of the petrous apex provides a wider working space for bypass than the commonly used subtemporal approach. It also mitigates the necessity for greater retraction of the temporal lobe by providing more space inferior to the SCA. It makes more space for the bypass instruments to be introduced into the deep surgical field at a more favorable angle to enhance microscopic visualization of the anastomosis. Several modifications of the anterior petrosectomy have been reported, 4, 10, 12, 14 and the approach used by Ichimura et al. 4 is similar to our approach. We believe that the intradural anterior petrosectomy has advantages over the extradural approach because it provides the right amount of distal SCA exposure to construct a deep bypass with minimal temporal lobe retraction.
Conclusions
Trapping combined with revascularization of the distal SCA can be safely conducted using the subtemporal intradural anterior petrosectomy approach to expand the room in which to perform the bypass. The results of this case and our cadaveric feasibility study prove that it is important to carefully assess the location of the aneurysm to use it advantageously for choosing appropriate treatment strategies.
